Summary.-A preliminary announcement of a new in vitro blood test for cancer by Field and Caspary appeared (1970, 1972) reported that peripheral lymphocytes from patients with malignant disease are sensitized to a basic protein derived from human brain (Encephalitogenic Factor; EF). Incubation with this antigen stimulates sensitized lymphocytes to release a substance (Macrophage Slowing Factor; MSF) which reduces the electrophoretic mobility of macrophages isolated from the peritoneal exudate of Hartley albino guinea-pigs. Lymphocytes from persons free from malignant disease showed no such effect, although sensitization to EF was found in a small number of neurological conditions that involve destruction of nervous parenchyma. In a further paper Caspary and Field (1971) claimed that malignant disease could be distinguished from these neurological conditions by the slightly greater reduction in mobility when EF was replaced by a basic protein derived from human tumours, suggesting that human neoplasia produce a common antigen.
A common antigen in human tumours was unexpected and raised the important possibility of developing and applying the technique as an in vitro blood test for cancer, particularly as Field and Caspary observed slowing of macrophages with early as well as with advanced neoplasia. Unlike many biologically based tests, the macrophage electrophoretic mobility (MEM) test achieved a clear separation of the " malignant " and " normal " subjects. The importance of these findings persuaded us to carry out a similar investigation in Cardiff, and a preliminary report confirming the Newcastle results has already been presented (Pritchard et al., 1972) . This paper provides further details of the techniques involved in the MEM test, and reports a inumber of modifications designed to improve its value as a clinical procedure.
MATERIALS AND METHODS
Approximately 15 nml of venous blood was collected from healthy hospital staff and from patients with malignant disease. The blood was placed in a siliconized Universal container along with about 40 small (3 mm) glass beads. The silicon-rubber lined cap was replaced and defibrination carried out by continuous inversion until a fibrin clot resulted (usually 5-15 min). The defibrinated blood was pipetted into a 15 ml siliconized centrifuge tube, noting the volume, and centrifuged at 1500 g for 10 min in a swing out head. Lymphocytes were harvested either by (a) a methylcellulose technique as used by Hughes and Caspary (1970) and Caspary and Field (1971) , or (b) a FicolTriosil technique (J. A. Forrester, private communication) . For the latter, 9 g of Ficol was dissolved in 100 ml of distilled water; 24 ml of distilled water was added to 20 ml of The encephalitogenic factor (EF) was prepared from a human brain by the method described by Field (1965, 1971 Usually betwNeen 20% and 4000 of all timings were rejected for failing to meet the arbitrary 10% standard. It should be emphasized that the intention in the first phase of this investigation was to verify the Newcastle findings, using the techniques described by Field and Caspary. The somewhat empirical methods of data selection and handling were justified partly by this limited intention and partly by the lack of detailed knowledge of all the parameters affecting the test. A more rigorous examination of these parameters must wait for a later phase of the investigation.
A second lymphocyte/macrophage suspension without EF was made up from every sample and measured to give the "' control " value for that sample. The constancy of the timings from these controls during each day's run, and from week to week, is a good guide to the state of the apparatus and technique. A retrospective analysis of the results on which this report is based showed that the extreme variation in the timings from control samples without EF over 4 months was surprisingly small at ± 2.2%. Samples were "scrambled " so that those containing EF and control samples without EF wtere mixed and presented for blind measurement in a random order, except where the test was part of a concurrent investigation that precluded scrambling.
Sets of times from one " normal " and tvwo " malignant " samples are sho-1n in Table 1 ) and the other column containing any pairs that averaged more than 3-3 sec (B in Table I ). Measurements on each sample were stopped as soon as one column had accumulated 10 good pairs. and these wA-ere then averaged and used as the result from that sample. The inclusion of all of the timings from both columns would not have caused a single false result in our series. Nevertheless, this method of recording gave useful information about the state of the technique from day to day. Table II shows a retrospective analysis of the numbers of "w wrong " pairs in each of the four categories of suspension as the investigation proceeded, expressed as a percentage of the numbers of "right " pairs from successive groups of 10 " malignant " or 5 "; normal " samples. The table starts from May 1972 (top line) and covers the 3 months represented by the block of 79 samples which confirmed the Newcastle findings. Columns A and C are from suspensions without EF and therefore, as expected, show no difference betwTeen "' normal " and " malignant " samples. The fall in the numbers in A, B and C reflects increasing experience with the technique and wAith the Cytopherometer.
The larger numbers in B compared with A and C suggest that a small proportion of macrophages fail to react with the MSF and therefore give " fast " pairs which fall into the "wrong " category for column B. The suspension in column D should show no reaction, and therefore numbers in D should run parallel to numbers in A and C. The large and rather erratic number of slowed cells in column D, not present in A or C and not improving with operator experience, suggests a noh-specific EF-stimulated guinea-pig lymphocyte reaction varying from pig to pig (or batch to batch). Since entries in column D represent" slowr " timings which are therefore wrong " from a " normal " subject, they wNould be right " timings if recorded from a a malignant" sample containing EF, and therefore a non-specific reaction of the type postulated would not show up in column B, but would just add to the much more numerous cancer-stimulated slowed cells.
The percentage change in mobility induced by the antigen is 100 (T C)/C where T is the average migration time for macrophages in the test suspension containing lymphocytes, macrophages and antigen, and C is the average time from the control suspension without antigen. (Diengdoh and Turk, 1968 (Pritchard et al., 1972) and in this paper they are condensed (along with the later results) into the histogram of Fig. ] were added later, with similar results, to give the small group of 4 positives in the upper section of Fig. 1 . Otherwise, all our " normal " subjects were healthy hospital staff. The rest of this paper presents a preliminary account of our early attempts to improve the test towards future clinical use. With better understanding of the test improvement should be possible under 3 headings: (1) simplification of the electrophoresis apparatus and technique; (2) simplification of the sample handling and preparative procedures; (3) greater separation of the " malignant " and " normal results. It is to be expected that these 3 aspects are considerably interdependent; for example, an improvement in (3) could be expected to relax the requirements for (2) and (1). Some progress has already been made under (1) but a discussion of apparatus considerations will be presented separately. Under heading (2) the FicolTriosil technique of lymphocyte separation already represents a considerable simplification. This technique always produced very good yields of lymphocytes with minimal contamination by polymorphs and red cells, and requires only 60 mim of sample preparation time in contrast to the 130 min required by the methylcellulose technique specified by Field and Caspary. Wte have also found that storage of the separated lymphocytes for 24 hours at 4°C produces no significant change in macrophage percentage slowing, and that storage for 72 hours at 4°C is possible with some reduction in slowing.
Several improvements have been introduced under (3). Percentage slowing can be increased by using a larger concentration of lymphocytes/ml in the reaction mixture, as shown for one typical " malignant " sample in Table III . No corresponding effect was fotind with " normal " samples. The macrophages used in the first part of this investigation, leading to Fig. 1 , were irradiated to a dose of 150-200 rad, as used by Field and Caspary. This dose was sufficient to eliminate most of the mixed lymphocyte interaction, but was not sufficient to achieve maximum slowing, as shown in Fig. 2 Table III shows the importance of maintaining a high concentration of lymphocytes/ml. Fig. 1 and Table IV were obtained with numbers in the range 1 x 106/ml-5 x 1061ml, at which percentage slowing is approaching a maximum. In addition to maintaining the necessary high lymphocyte yield and requiring a shorter preparation time, the Ficol-Triosil method adopted by us as standard, gave minimal contamination by polymorphs and red cells, an important factor when training an inexperienced operator. W7e have found that "wrong" pairs of timings were more numerous on days when the macrophage suspension was contaminated with red cells, although the reason for this is not clear. The split incubation technique described above increases percentage slowing from " malignant " samples into the range 220 o-400 0 without any apparent change in the result from "normal" subjects, as shown in Table IV. Table IV' provides a direct comparison between the test as described by Field and Caspary (column B) and the Cardiff-modified MEM test of column F, which has now been adopted as our standard procedure and as a basis for further simplification and development. This change in sample handling has greatly increased the already wide gap between " malignant " and " normal " subjects, which is an important 
